AD-A254  044  tation  page 

—  a.,u  ■  ||,  j  ii  mil  ini  ii|| 


form  Approv'd 
OM*  No.  0704-Qm 


4  te  ’  **ov'  fit  ineont*.  tst  ti«w  *o»  'tvxwinf  intuiKtwm.  >»•»<*“"*  d>u^fl  dm  Uv^cn. 

IM  lOiifCI'O"  of tMwmjtico  Wn«  iNHiii  th<t  tov<(*A  ntimm  «r  ,tK»  nom  of  ihn 

. .  ««'.  :o  Wuh.t^ioo  x«i4«viruri  tt<v«w  0«*no>«t«  fo»  wfo"»»t*©*  Oor'ti«<n  inf  Priori  gn  j,n»no« 
,  »  ,  i«4  IOIM  Of<Ki«f  •n4lw«ft1.P»Mn«0't  *f4u(1>OAP>O|*n(0fM4<UI.WMfMAfioM.  DC  MMI 


1.  AGENCY  USE  ONLY  (Itivt  blink)  2.  REPORT  OATE 

21  Feb  92 


S.  FUNDING  NUMBE 


4.  TITLE  AND  SUBTITLE 

LONG-TERM  DATA  COLLECTION  AND  EMPIRICAL  BACKGROUND 
TEMPERATURE  MODELING 

t.  AUTHOR(S) 

Alan  E.  Krusinger 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Topographic  Engineering  Center 

ATTN:  CETEC-LO 

Fort  Belvoir,  VA  22060-5546 

«.  SPONSORING/ MONITORING  AGENCY  NAME(S)  AND  ADORESS(ES) 

DTI 

0 

A 

ELECTS 

I.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


R-162 


10.  SPONSORING  /MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 


12*.  DISTRIBUTION  /AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  COOE 


Approved  for  public  release; 
distribution  is  unlimited. 


13.  ABSTRACT  (Miximom  200  worm)  • 

At  the  Research  Institute,  U.S.  Army  Topographic  Engineering  Center  (TEC)  we 
are  developing  empirical  models  to  predict  background  surface  temperatures  and 
thermai  contrasts,  using  continuous,  long-term  data  collection  ^various  climates 

metenrnif81?8  ?  type"day  concePt  to  bound  and  group  the  values  of  radiation  and  other 
meteorological  parameters  into  typical,  somewhat  unique  weather  conditions.  Type- 

r!lV'V  dl""entlated  Xy  limit,  on  Integrated  short  end  Jong  -aJe  incoming 

radiation,  which  portray  sky  cover  and  atmospheric  conditions. 

is  "wet”PorS"d?v"he  Sfhpli"  aef on»  sky  c°v«  and  whether  the  bare  soil 

»  °\  y  ‘  ,  believe  that  existing,  energy  budget,  surface  temperature 

be  W  ,  PUt  Variables  and  in  operation,  and  that  they  ca^ct 

be  simplified  for  tactical  use.  We  also  think  that  there  is  insufficient  jrfint^ 
meteorological,  radiometric  and  surface  temperature  data  available. 


1$.  NUMBER  OF  PAGES 

16 


IS.  PRICE  COOS 


14.  SUBJECT  TERMS 

Empirical  models.  Background  Surface  Temperatures,  Thermal 
Contrasts,  Long-term  Data  Collection,  Type-day  Concept 


17.  SECURITY  CLASSIFICATION  IB.  SECURITY  CLASSIFICATION  Fit.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  I  OF  ABSTRACT 

UNCLASSIFIED  UNCLASSIFIED  I  UNCLASSIFIED 


NSN  7540-01 -280-5500 


5t*nd*'d  Form  293  2-39) 

*  fw  A  *•* V  '  •  I  T4 


LONG-TERM  DATA  COLLECTION  AND  EMPIRICAL 
BACKGROUND  TEMPERATURE  MODELING 


UNCLASSIFIED 
Alan  E.  Krusinger 

U.S.  Army  Topographic  Engineering  Center 
Fort  Belvoir,  Virginia  22060-5546 

Abstract 

At  the  Research  Institute,  U.S.  Army  Topographic  Engineering 
Center  (TEC)  we  are  developing  empirical  models  to  predict 
background  surface  temperatures 'and  thermal  contrasts,  using 
continuous,  long-term  data  collection  in  various  climates.  We 
are  using  a  type-day  concept  to  bound  nnd  group  the  values  of 
radiation  and  other  meteorological  parameters  into  typical, 
somewhat  unique  weather  conditions.  Type-days  are  differentiated 
mainly  by  limits  on  integrated  short  and  long  wave  incoming 
radiation,  which  portray  sky  cover  and  atmospheric  conditions. 

The  inputs  to  the  models  are  climate,  season,  sky  cover  and 
whether  the  bare  soil  is  "wet"  or  "dry".  We  believe  that 
existing,  energy  budget,  surface  temperature  models  are  too 
complex  in  input  variables  and  in  operation,  and  that  they  cannot 
be  simplified  for  tactical  use.  We  also  think  that  there  is 
insufficient  joint  meteorological,  radiometric  and  surface 
temperature  data  available. 

We  request  cooperation  in  finding  local  contacts,  funding, 
target  vehicles,  and  people  for  site  maintenance  to  set  up 
remote,  automatic  data  collection  sites  in  tropical  and  European 
climates  to  complement  our  existing  desert  sites  in  Las  Cruces, 
New  Mexico  and  Yuma,  Arizona  and  temperate  site  in  Fort  BelvoiT, 
Virginia.  With  permanent,  stationary  tarqets  and  continuous 
background  and  meteorological  data  collection,  statistically 
representative  data  could  be  collected  for  all  seasons  and 
weather  conditions.  The  sites  could  be  overflown  by  anyone 
without  scheduling,  and  they  could  be  assured  of  real  ground 
truth. 


Outline 

1.  Background  Signatures  Study  Summary:  What,  Why,  How 

2.  Ground  Photo  and  Description  of  TEC  Instrumented  Site,  Ft. 
Belvoir,  VA 

3.  Ground  Photo  and  Description  of  Jornada  Exp.  Range  Site, 
Las  Cruces,  NM 

4.  List  of  Data  Collected  at  TEC  Site 

5.  List  of  J^ata  Collected  at  Jornada  and  Yuma  Sites 
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6.  Diurnal  Temperature  Curves  for  TF.C  Site  ,  Data  Example 


7.  Soil  Temperature  and  Moisture  Time  Plot  for  TEC  Site, 

Data  Example 

8.  Description  of  Type-Day  Concept,  Using  Multiplot  Graph 

9.  Site  Radiometric/Meteorological  Characterization  Data  Table, 
TEC  Site,  Example 

10.  List  of  Input  Variables  to  Typical  Energy  Budget  Surface 
Temperature  Model  (USAWES) 

11.  List  of  Input  Variables  to  TEC  Empirical  Surface  Temperature 
Model 

12.  Plot  of  Composite  Day  Diurnal  Period  Data  and  Fourier  Series 
Curve  Fit  for  a  Typical  Type-Day 

13.  Set  of  Typical  Composite  Day  Diurnal  Temperature  Curves  from 
the  TEC  Model,  Showing  5  Type-Days 

14.  Test  of  Model:  Plot  Showing  Measured  and  Predicted  Surface 
Temperatures,  Clear  Dry  Day 

15.  Test  of  Model:  Plot  Showing  Measured  and  Predicted  Surface 
Temperatures,  Partly  Cloudy  Dry  Day 

16.  Test  of  Model:  Plot  Showing  Measured  and  Predicted  Surface 
Temperatures,  Overcast  Dry  Day 

17.  Test  of  Model:  Plot  Showing  Measured  and  Predicted  Surface 
Temperatures,  Overcast  Rainy  Day 

18.  Handout:  “Radiation  Data  Bases";  Unpublished  Report,  Feb 
1991 


/ 

/ 


Accesion  For 


NTlS  CRA&I 
DTIC  TAB 
Unannounced 
Justification 


4 

□ 

ij 


By.. . 

Distribution  / 


Availability  Coer 


Dist 


'Avail  and/or 
Special 


DTIC  QUALITY  INSPFCTED  B 


RADIATION  DATA  BASES 

U.S.  ARMY  TOPOGRAPHIC  ENGINEERING  CENTER 
Research  Institute 
Remote  Sensing  Division 
Fort  Belvoir,  VA  22060-5546 
POC  :  Alan  E.  Krusinger,  Phone  (703)  355-3138 


TEC,  FORT  BELVOIR,  VIRGINIA  SITE 

77  08  46"  W  long.,  38  44  ’35"  N  lat.,  Elev.  30m 
Humid  Subtropical  Climate;  Data  1983-Present 
Warm  Summer,  Constantly  Moist 
Half  Hourly  Records 


of  Inputs 


Measurement 


At  Each  Half  Hour,  Averaged,  with  21  Samples  in  2  min  : 

Global  Short  Wave  Incoming  Radiation  (W/m2)  in  .2-2. Spun  band 
Global  Long  Wave  Incoming  Radiation  (W/m2)  in  3-50pm  band 
Global  All  Wave  Incoming  Radiation  (W/m2)  in  . 2-50Mm  band 
Global  Short  Wave  Net  Radiation  (W/m2)  in  .  2-2.8pim  band: 

Over  Bare  Soil,  Cut  Grass,  and  Uncut  Grass  &  Weeds 
Wind  Speed  Profile  (m/s)  @  10cm,  1.2m,  15m 
Wind  Direction  ( ‘Aaimuth)  @  15m 

Surface  Radiometric  Temperature  (C)  in  8-14pim  band,  overt 
Cut  Grass 

Uncut  Grass  and  Weeds 

Bare  Soil 

Gravel 

Shrubs 

Fir  Tree  ' 

Deciduous  Forest 
Buried  Rock 
Camouflage  Net 

M114  Armored  Reconnaisancc  Vehicle 
Measured  Every  30  min  : 


Cumulative  Precipitation  (mm) 

Barometric  Pressure  (mb) 

Air  Temperature  Profile  (‘C)  @  10,50cm,  1.2,2,3,4,6,8,10,12m 
Dew  Point  Temperature  (*C)  @  1.2m 

Soil  Temperature  (C)  in  8  Profiles  @  1,2,6,10,20,40,80cm 
Soil  Heat  Flux  (W/m2)  in  2  Profiles  @  2,6,10,20cm  depths 
Soil  Moisture  Resistance  (Qhms)  in  6  Profiles  8  2,6,10,20cm 
Buried  Rock  Temperature;  (C)  @  Top,  Center,  Bottom 
Armored  Recon  Vehicle  Temperature  ('C),  Skin  and  Internal  Air 
Housekeeping  and  Self  Calibration 


172 


TOTAL 


JORNADA  EXPERIMENTAL  RANGE  (USDA),  LAS  CRUCES,  NEW  MEXICO  SITE 


107  «'oo"  W  long.,  32  38  0o"  N  lat.,  Elev.  1323m 
Chihuahuan  Desert:  ISLSCP/  NASA  International  Site  for  Study  of  Arid  Lands 
Semiarid  to  Arid  Climate  :  Data  1986-Present 
Cool  Winter  (Dry),  Warm  Summer  (with  Precipitation) 

50  yr  Record  of  Vegetation  and  Soil  Changes  (Erosion) 

Soil  and  Vegetation  Maps 
Cooperative  Site  with  USAETL,  USGS,  USDA,  UNM 

AND 


YUMA  MARINE  CORPS  AIR  STATION,  60LDWATER  RANGE,  ARIZONA  SITE 

114  3127"  W  long.,  32  3206"  N  lat.,  Elev.  75m 
Lower  Sonoran  Desert 
Arid  Climate  :  Data  1988-  Present 
Mild  Winter  (with  Precipitation),  Spring  (Dry) 

Hot  Summer  (with  Precipitation),  Autumn  (Dry) 

7  years  previous  Met  Data,  USGS  Desert  Winds  Site 
Cooperative  Site  with  USGS,  Flagstaff,  AZ 

Both,  Solar/Battery  Powered  Remote  Sites,  using  GOES  Telemetry 
[  Periodic,  Field  Spectral  Reflectance  Measurements  ] 

6min,  12min,  and  60min  Data  Averaging 

No.  of  Measurement 

Inputs 

Averaged  Every  6  min  : 


Sampling 

Interval 


3 

1 

1 


1 

1 

1 

1 

1 

2 

4 

2 


1 

1 

3 

1 

1 


Wind  Speed  Profile  (m/s)  @  1.3m,  2.4m,  6m 
Wind  Speed  Peak  Gust  (m/s)  @  1.3m,  6m 
Wind  Direction  ( ’Azimuth)  @  6m 
Sand  Flux  Momentum  Average  9  10cm 
Sand  Flux  Momentum  Peak 

Measured  /  Averaged  Every  12  min  : 


lsec 
1  sec 
lOsec 
lsec 

lsec 


Global  Short  Wave  Incoming  Radiation  (W/m2)  [.2-2. 8pm] 
Global  Short  Wave  Outgoing  Radiation  (W/m2)  [.2-2. Sum] 
Global "Long  Wave  Incoming  Radiation  (W/m2)  [3-50pmJ 
Global  Long  Wave  Outgoing  Radiation  (W/m2)  [3-50um] 
Cumulative  Precipitation  (mm) 

Air  Temperature  Profile  (’C)  8  1.3m,  6m 

Surface  Radiometric  Temperature  (’C)  Shrubs  and  Soil 

Soil  Heat  Flux  (W/m2)  9  2cm  depth 

Measured  /  Averaged  Every  1  hr  : 


lOsec 

lOsec 

lOsec 

lOsec 

12min 

12min 

lOsec 

lOsec 


Barometric  Pressure  (mb) 

Humidity  (?{)  0  1.3m 

Soil  Temperature  Profile  (C)  9  4cm,  10cm,  20cm  depths 

Soil  Moisture  (%)  @  4cm  depth 
Battery  Voltage  (V) 


lhr 

lhr 

lhr 

lOsec 

lhr 


25 


TOTAL 


1  ot 


Meteorological  Site  Classification 
TEC  Site  Ft  Belvo.ir,  VA 
Site  Data,  1986-1988 
SEPTEMBER  SEASON 


Mean 

Max 

Min 

Mean 

Mean 

Mean 

Max 

Min 

Area 

Area 

Air 

Air 

Air 

Dew 

Baro . 

Lwi 

Lwi 

Lwi 

Swi 

Wind 

Temp 

Temp 

Temp 

Pt. 

Press . 

Curve 

Curve 

(C) 

<C) 

<C) 

(C) 

(mb)  „ 

(W/mA2) 

(W/mA2 

(m/s 

*hr)  *hr) 


Type  Days : 


Clear-Dry 


16.2  31.5 

4.2 

9.4 

1026 

333 

466 

216 

5760 

12.2 

Partly  Cloudy-Dry 

20.8  32.7 

9.0 

15.3 

1020 

387 

474 

256 

4402 

11.1 

Partly  Cloudy-Wet 

22.2  29.5 

13.7 

17.9 

1013 

383 

480 

253 

4160 

8.2 

Overcast-Dry 

20.3  26.3 

13.9 

r 

16.4 

1018 

412 

566 

340 

1362 

10.0 

Overcast-Wet 

20.2  23,5 

/ 

,  15.9 

18.0 

1014 

413 

436 

361 

1738 

6.7 

Overcast-Rain 

20.9  25.6 

17.7 

19.1 

1016 

416 

468 

363 

712 

7.6 

Max 

Soil 

Moist 

(%/wt) 

10.2 

10.2 

11.0 

10.1 

11.0 

11.0 


INPUTS 

to 

USA  WES  Terrain  Surface  Temperature  Model  with 
'VECIE'  Vegetation  Temperature  Model 


1.  Time  Step  Interval  Between  Inputs 

2.  Shelter  Height  at  which  Weather  Bata  is  Measured  <cm> 

3.  Number  of  Systems  ,  or  Different  Backgrounds 

4.  System  Index,  or  Interval  Between  Measurements 

5.  Number  of  Measurements  in  Soil  Temperature  Profile 

6.  Number  of  Layers  in  the  System 

7.  Layer  Thickness  <cm> 

8.  Grid  Spacing  of  each  layer  (arbitrary)  <cm> 

9. ’  Thermal  Diffusivity  for  each  layer  (cmA2/min) 

16.  Thermal  Conductivity  for  each  layer  (cal/min  cm  K> 

11.  Long  Wave  Emissivity  of  the  Surface  (0-1) 

12.  Short  Wave  fldsorbtivity  of  the  Surface  (0-1) 

13.  Wetness  of  the  Surface  <0-1 ) 

14.  Bottem  Boundary  Condition  Indicator  <  -1,0,1) 

15.  Bottem  Boundary  Temperature  or  Flux  (*C  or  cal/cmA2  min) 

IS.  Vegetation  Presence  Indicator  (Yes/’  No)  (0,1) 

17.  Vegetation  Coverage  Factor  (0-1) 

18.  Vegetation  Stress  Factor  (0-1) 

19.  Vegetation  Long  Wave  Emissivity  <0-l> 

20.  Vegetation  Short  Wave  Rdsorbtivity  (0-1) 

20.  Vegetation  Height  (cm) 

21.  Barometric  Pressure  <mb> 

^;22.  Soil  Temperature  Profile  (*C> 

^ |&23.  flir  Temper  at  ueei^tt  Shelter^  (•C>^.^__.. 

Relative  Humility  or  Dew  Point  Temperature  at  Shelter  (*  or  *C> 
'  25.  Long  Wave  Incoming  Irradiation  ’<W/mA2>  or  Cloud  Cover  (%> 

26.  Short  Have  Incoming  Irradiation  (Insolation)  (W/mA2> 

27.  Rwerage  Wind  Speed  (m/s) 

28.  Time 

29.  Latitude  <•> 

30.  Surface  Azimuth  <°) 

31.  Surface  SI opdv  <*> 


/ 


CLIMATE 


Humid  Subtropical 

Semiarid 

Arid 


SEASON 


Summer  (  Jun,  Jul ,  Aug) 

September 

October 

November 

Winter  (  Dec,  Jan,  Feb) 

March 

April 

May 


JSQMBmoaS.  and,  surface,. S_Q,IL-M.OI..s,ture 


Clear , 

Dry 

Clear , 

Wet 

Clear, 

Snow 

Partly  Cloudy, 

Dry 

Partly  Cloudy, 

Wet 

Partly  Cloudy, 

Snow 

Overcast, 

Dry 

Overcast, 

Wet 

Overcast,  Rain 

,Wet 

Overcast,  Snow 

BACKGROUND  OR  THERMAL  CONTRAST 


Camouflage  Net 
Bare  Soil 
Cut  Grass 
Uncut  Grass 
Gravel 
Fir  Tree 
Rock 

M114  Armored  Reconnaisance  Vehicle 

Ml 14-  Cut  Grass 

Ml 14-  Bare  Soil 

M114-  Uncut  Grass 

M114-  Gravel 

M114-  Fir  Tree 

Ml 14-  Rock 


al  Part  of 


Decimal  Part  of  Day 


Decimal  Part  of  Day 
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Decimal  Part  of  Day 


Decim'al  Part  of  Day 


